OOGENESIS IN PINUS LARICIO. 


WITH REMARKS ON FERTILIZATION AND EMBRYOLOGY. 


CONTRIBUTIONS FROM THE HULL BOTANIC AI 

LABORATORY. XIV. 


Charles J. Chamberlain. 
(WITH PLATES IV-VI) 


In the autumn of 1896, while conducting laboratory work in 
the special morphology of the gymnosperms, I noticed puzzlr- 
peculiarities in the development of the nucleus of the oosphcre, 
but the material lacked important stages and had not been prop 
erly fixed for cytological study 7 . The next spring, however, 
at intervals of three or four days, ovules of Pinus Luncio roir 
were collected which gave a fairly’ complete series from the ••ep 
aration of the neck cell from the central cell of the archegotiiw 


up to stages in which the embryos 


through 


the base of the oospore by T the elongating suspensory. 

For the earlier stages up to the cutting off of the ' en r 


scale 

*:r.t 


canal cell, the pair of ovules was merely cut off from t c 
and dropped into the killing fluid ; for stages from this P 01 ® 
to the fusion of the pronuclei, the female gametophyte u 
thallium) was usually removed from the ovule to insure 

J j § nuCt'r 

killing and fixing. In a part of the material, however, & 
lus was retained to show the course of the pollen tube 
oosphere. In all the later stages the gametophyte uas r 
from the ovule. All material was fixed on the s P ot ' ” ^ 
being taken from cones which had been removed from 

maflV aS t« cu \ 

for more than fifteen minutes. In some cases as 


separi^ 

o\ r ules were taken from a single cone and kept 1 

0 ( A^velopfl^ 1 ’ 

bottle. These showed almost an identical stage o ate co'^ 

This uniformity occurs also in the sporangia of ytami ^ 

in which the pollen mother cells undergo division a 

same time, the sporangia at the base being only - b 
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advanced than those at the tip. In the ovulate cone, at the time 
"f the division of the mother cell into potential megaspores, 
the sporangia at the base are slightly more advanced, but they 
tii) not develop much further. For stages figured in this paper, 
lb best material is found in the middle three fifths of the cone. 

In my material, all of which was collected in the vicinity of 
Chicago, the ventral canal cell, in the season of 189 J, was cut 


‘ # - y - - —- — y / ' 

<jft about June 21, and fusion of the pronuclei occurred about 


a 


1896, all stages appeared more 


then 


cek later. In the season of 
than two weeks earlier. 

Various fluids were used for killing and fixing. For mitotic 

1 en °niena the most satisfactory results were secured bv allow- 

D g Flemming’s weaker solution to act for about two hours and 
a | • ^ 

replacing it bv a chrom-acetic solution (0.75 8m chromic 
a ud and 0.25“ to 100™ water ) in which the material remained 
brone or two day r s. In this way the advantages of the Flem- 
^ttngs solution seem to be secured without the objectionable 
hckening. The chrom-acetic acid used alone gave excellent 
esults. Carnoy’s fluid (absolute alcohol 6 parts, chloroform 
3 parts, acetic acid 1 part ), followed by cyanin and ervthrosin, 
good for tiacing nuclei in the pollen tube and for differential 
y'■Fe granules and network within the nucleus. Corrosive 
^ mate-acetic acid could hardly be recommended for achro- 

fai e I S ^ rUC ^ UrCS * n ^* nus * Hermann’s fluid and Merkels fluid 

S* Ve as good results as the much less expensive chrom- 

nati P°P u * ar safranin gentian-violet orange combi- 

t Il^ aVC mos ^ definite stain for achromatic structures- 

bwed L^ en ^ a * n s * r °n-alum-haematoxylin used alone, or fol- 
— y scid fuchsin, was better for most stages in the devel- 


iubli 


Q r vm VVdb UtlU 

'“'“ofthe oosphere nucleus. 


N 


0 


the ventral canal cell. 

attempt was made to secure a complete series of earl) 

‘-afling nn tn tlu. ___^ in Her. /. which 


JUg, 

-ho 


ws h conc ^*t:ion represented in fig> wmeu 

^parat' ^ nuc ^ eus of the central cell just before the division 
a,. ventral canal frrktn fHc nnsohere. At this 


stag e th he Ventra ^ canal cell from the oosphere. At this 

Cre °ften only a single nucleolus, and very seldom 
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more than two or three. This is worth noting, for the oosphcrc 
nucleus, soon after the cutting off of the ventral canal cell, 
contains a very large number of nucleoli. The chromatin is 
extremely scanty, unless, perhaps, it is in a diffuse state or 
forms a part of the nucleoli. 

The mitotic figure concerned in the cutting off of the ventral 
canal cell presents a very characteristic appearance. The spindle 
is strongly developed and the part lying in the oosphere is some¬ 
times quite convex, while the part within the ventral canal cell 


(A 


The ventral canal cell usually begin* to 


show signs of disorganization almost as soon as it is cut oft. hi 
this figure the nucleus had evidently reached the spirem stage 


before it began to disorganize. 


A similar difference between 


the nucleus of the ventral canal cell and that of the oospherc at 
this stage was noticed in several cases. In jig. > the nucleus 
had developed further before disorganization set in, for a ,ul .' 
formed nuclear membrane is present and the chromatin is in 
form of nucleoli or irregular masses. It is not unusual for t.■- 
ventral canal cell to become separated from the egg as shown in 
this figure. In such cases the separation is due to the splitting 
of the wall between the two cells, and in some cases, even wnen 


no separation has taken place, as in ji < 


6 and 7 , the wall can 

fig. 5. in which 


the ventral canal cell is reduced to a deeply staining mass. ! ,r 

4 1 ' . 


ible. 


ably of mucus-like consistency, in which no structure is discefl** 

PHH/gg. <7 represents a ventral canal cell of about the ^ 

age as the preceding, but the chromatin is not so abundant* 

the other cell contents are scanty. It does not seem pr° 

that such a cell, in its later stages, would present the a Pl lc4 ** r . 
^1 . ^ ’ ii_of ^ 


Ag 

pollen tube as might be expected in the latter ca-e. 

and 


In t 


ti 


brane has entirely disap}^ ; 

, . ^occisntore* 


and no structure can be made out except that the mas ® 

less homogeneous and contains a few nucleoli. That t 

, 0 ,, „ ,._ rv comp* 1 - 

oh here represent the chromatin is proved bv a . . 

. , * 1 1 ar e ngtn^ 

series, of which only a few stages (Jigs- 2 < 3 
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In later stages it may be difficult to identify the ventral canal 
cell as a whole, but vestiges of it in one form or another can 
usually be found up to the time when the pollen tube enters 
the neck of the archegonium, and occasionally traces may 
seen even after the sporophyte is considerably advanced 

(k- iga . v.n. 

While the above account gives the usual history of the ven¬ 
tral canal cell, there are other rather exceptional cases which 
f>e 1 c*ng to an opposite course of development and are interesting 
hi account of their bearing upon the homology of the ventral 
wnal cell. Fig. 7, which is drawn to the same s* 

an enormous spindle, somewhat loosely attached to the 
iditer nuclei. This ventral canal cell is eight or ten times as 
,ir s e as the typical one shown in Jig. 2. It contains several pro¬ 
kid vacuoles like those of the oosphere, and its nucleus is under- 
^°' n K usual.developmental changes which will be described 

" rthe nucleus of the oosphere. In this particular case, the 
' ,iJ clei of the oosphere and ventral canal cell are of nearly the 
size and are in the,same stage of development. If a. pollen 
.should enter, it seems reasonable to suppose that fertiliza- 
1 °f the ventral canal cell might result. A later stage in such 


fig 




fig- 


in which the 



' cUs h <ls almost reached the condition presented by 
j ' rC nuc ^ cus j us t before conjugation. In fig. $ the nuclei 
hout the same stage as in Jig. 7, but the wall between the 

both Cana ^ Ce ^ an d the oosphere has broken down, leaving 
s - .? UC ^ e * ^ ree * n ^ le oosphere. Fragments of the immense 

0 are scattered throughout the oosphere. In some of these 

,n k r line represents a part of the cell plate ; in others the 

A s ; drawn into wisps resembling tips of bipolar spindles. 






r^rfc 1 j 4 *" CaSC ls s ^ own fif- 9 . but here the nuclei have nearly 

ivhed thp e * j & y* . r _ T „ 

\*j]j lze and stage of development shown 


fis 


I 


M 

/• 


fig 


,- fy . 1 — ^ All UUlllUV, - 7 ' 

»■ Nucleus of the ventral canal cell, on account of its 

th . —.. likely to secure fcrtiliza- 

n more remote nucleus of the oosphere. One might 


v,v - us vji ine ventral 
;, aVOrable Position, would be 


more 
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su gg est that a stage like fig. 9 represents the two pronudci 
within the egg, or that fertilization has already taken place and 
the two nuclei are the first two nuclei of the sporophyte. While 
the series shown in figs. 7, S , and 9 affords an answer to su:b 
suggestions, it may be added that vestiges of the pollen tuk 
can almost always be detected above the neck of the archt- 
gonium until the oospore nucleus has divided two or three tini'* 
No evidences of fertilization were visible in these cases, n . 
besides, the upper nucleus is far too large for a male pronudto 
just escaped trom a pollen tube. If fertilization has not taken 
place, the second supposition is already excluded; but it ir v 
be added that the nuclei are too large for the first nuclei of t > 
sporophyte, they lack the very characteristic appearance of 
latter, and, further, their position is against any such interpre¬ 
tation. 

The origin of the ventral cell has led several writers to rej^ r 

it as the homologue of the egg. That this homology is correct 
the series just described furnishes practically complete proof s 
far as origin and function can furnish it, the only thing bebtu 
being an actual case of fertilization. 


THE DEVELOPMENT OF THE OOSPHERE NUCLEUS. 


The development of the nucleus 


of the oosphere 


aim- uevtiopment or tne nucleus 01 uic ■ 

decidedly from the usual course of development ascribed ti ^ 

„ 1 _ _ r . 1 . . a r. .l- ...tttincr off ' • 


nucleus of the angiosperm oosphere. After the cutting ° 


the ventral canal cell, the nucleus of the oosphere inetti' 

if* * 


7 * iP*'* 

enormously in size, as will be readily observed b\ com} - 

firs. P anH t 1 1A ii«-.'n/v 4iU *«« In ci?p there takes p 


figs. 2 and iy . 1 During this increase in size, 

changes which for some time 


|! ttl* 


difficult to interpret. In fig. 


here ^ 


^Sucleus a series of 

_ cleus of the oosp 
1 ^ ^ i i*Ct 

Hot differ much in size or in any other perceptible rtS l )t 
the nuclei in the sheath about the oosphere. I fl * 115 


nucleus is in a typical spirem stage. The numerou 


coarse radiations about the nucleus were 


not observed in M» l 


*A11 the figures are drawn to the same scale except 14 



sketches, q, iq rt? 24 a, 25 a, 26 a, and 27 a. 
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ages of prothallial cells. From this point the development is 
'0 extremely rapid that, in over three hundred preparations, less 
than a dozen nuclei showed stages intermediate between figs. 2 
and//. One of these is shown in fig. 6, n. o. (The proteid 
vacuoles, p, bear a striking superficial resemblance to nuclei.) 
1" this nucleus nearly all the chromatin is in the form of 
nucleoli. A tew linin threads are present, and associated with 
them is a very small quantity of chromatin. In other nuclei of 
,M| t the same age, Jigs. 7, 8, no linin is visible, and all the 
diromatin is in the form of nucleoli. The greater number of 
these nucleoli stain blue with .cyanin and erythrosin, but some 
'•am red. The mere size of the nucleoli has no influence upon 
t:ie>e factions. I have not felt it safe to rely upon staining 
reactions for identifying chromatin, but have depended upon a 
f he myr phological series leading up to undoubted chromo- 
SOrnes> ^fter all trace of the original linin network has disap¬ 
peared and all the chromatin is in the form of nucleoli, another 
rather peculiar linin network appears. This and all the nucleoli 
tain intensely with iron-alum-haematoxylin. At first sight it 
^•J'd seem that vve are dealing with a chromatin network, but 
the second application of iron-alum be sufficiently prolonged, 

I <l * e ' v die nucleoli remain black, the stain being com- 
hF extracted from the network and from the rest of the 

t . {.fig- 11 ). If acid fuchsin be added to such a prepara- 

■’^)e network and the decolorized nucleoli stain red. A later 
^ * in which the decolorizing has not been carried so far, is 

SQoU’n j: 0 - , 7 * r ." , J iflJSJ] 

Ijj fiS' 12. Details from nuclei in slightly later stages 

j, 12 are shown in Jigs. 14. and 15, in which nearly all of 

this U< ^ e °^ are arranged upon the linin threads. Soon after 
'Uf network begins to resolve itself into a granular 

"' J t th 0Ce ^ cav * n g the nucleoli scattered irregularly through* 

ni ' C ^ eus * Sonie of the nucleoli contribute to the granular 
,- cr t^. tlCe, ' v hile others migrate from all directions toward a 

P°*nt, usually at the center, or a little above the center, 

hjj l Uc ^ eus * fig-16 the network, while still distinguishable, 

to break up, and nearly all of those nucleoli which 
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stain black with iron-aium-haematoxylin have taken a character¬ 
istic position. Some, however, which do not retain the stain 


are scattered through the nucleus. 


Fig. iy showsja somewhat 
later stage. Only traces of the network are now visible; the 
granular condition is becoming quite pronounced and the nucleoli 
are arranging themselves in the form of a ring. The structuu 
within this ring I was not able to make out definitely, but in 
most cases it seemed to be finely granular, with traces ot threads 
more or less defined. 

in fig. iS every vestige of the network has disappeared, and 
the nucleus is filled with an evenly granular substance. Near!' 
all the nucleoli have collected at the center. In fig. /y d u 
groundwork of the nucleus shows a beautiful reticular structure, 
exactly like that of the cytoplasm outside the nucleus. The 
nucleoli are taking the form of elongated masses which repre* 

o o 

sent definitely the chromatin of the nucleus. The threads sun 
in the central area are a part of the general reticulum. 

The development of the male pronucleus was not studied ir- 

. ... r . 


A 


indicate 


that the sequence is similar to that just described forthe nucleus 

of the oosphere. 

It seems probable that various bodies have been descrih 
under the term nucleolus. That some of these nucleoli repr 
sent chromatin has been proved both in animals and in p ^ 
In animals the sequence described by Carnoy and Lebrun 

hatrnrliianc ^—- - 1 -. ...[[jj the conditions in 1 


-- agrees more nearly Wm. - . 

That the chromatin in the resting nucleus of Spirogyra 

form of a nuclpnln^ slmwn bv sevcial in\e-t~ 


<1 


form of a nucleolus has been shown b\ 

notably by Mitzkewitsch 3 . A chromatin nucleolus 

described bv Davis 4 for Corallina, one of the red alg* e 

noted m ttic 

LaCeDdf 


A re 


tion between chromatin and nucleoli has been 

3 La vesicle germinative et les globules polaires chez les batraebien 

14:113-200. 1898. * 

3 Ueberdie Kerntheilung bei Spirogyra. Flora 85 : 8 i-I 24* 

* Kerntheilung in der Tetrasporenmutterzelle bei Corullifto 

terranea. Her. d. deutsch. bot. Gesell 16 : 266-272. 1S9S. 
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higher plants, especially by Cavara 5 and very recently by 

Dumr 6 . 

QU 

Ikeno’s 7 figures and description of Cycas revoluta , while not 
coaling with details in the development of the nucleus of the 
nosphere, nevertheless indicate that the sequence is about as I 
have described it for Pinus. Blackman’s recent work on Finns 
syhestris will be considered later. The staining reactions do not 
Hem to furnish a reliable method of distinguishing chromatin 


niclcoli from other spherical bodies. In thin sections some 



-oli show a sharp differentiation into an outer deeply stain- 


1 ! g portion and an inner part which stains 


{fig 


g shows a peculiar case. There seemed to be a crack in 
file nucleolus, and upon applying a gentle pressure the central 
portion came out from the shell. It might be suggested that the 
I'Rstnce or absence of this outer portion, or, when present, its 
reative thickness, may account in some measure for the reaction 
stains. That the staining does not identify chromatin nucleoli 
shown b\ the fact that many of the “nucleoli” in the proteid 
'a^uoles stain intensely black with iron-alum-haematoxylin, blue 

>th cyanin, or red with safranin. 


FERTILIZATION. 

' • 

hasburger s 8 figure of Picea shows conjugating nuclei of 
p size. According to Coulter 9 , one of the male nuclei in 
~ cto, after its entrance into the oosphere, increases in 

. the moment of fusion, it is as large as the female pro- 

eus. In Ikeno s figures of Cycas, and Blackman’s lo of Finns 

JJ n , • J 

*«idt p™° ad alcune strutture nucleari. Atti del R. Istituto Botanico dell 'Univer- 


5 :t ~ 49 - 1897. 


t%u 1,, r 1 eVv °P men ^ of the pollen grain and embryo sac in Bignonia venusta 

ciub 2 6189-105, fj ( wM 


<5 


C) ai r . ^ un 8 e n iiber der Geschlechtsorgane und den Vorgang det Befruchtung 

tf. a * luta - Jahrb. {. wiss. Bot. 32:557-602. 1898. 

Zdltkdlrag. Leipzig. ,878. 

and embryogeny of conifers. Bot. Gaz. 23 • 4 ° 43 * 


fertilization 


Xt *th; T t0l0 ^ ica l Matures of fertilization and related phenomena in Pinus 

Roy, Soc. of London. B. 190:395^426. 1898. 
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sylvestns , the male pronucleus is many times smaller than ihe 
female. In the present work, although the male pronucleus was 
often observed within the oosphere, no case was found in which 
the pronuclei were just coming into contact. 

One fine preparation was obtained which shows the chro¬ 
matin of the two pronuclei within the original limits of the 
female pronucleus [fig. 20). Both pronuclei are in the spirern 
stage, and show the chromatin granules evenly distributed ujn-n 
a delicate linin thread. The kinoplasmic threads seem to be 
developing almost exclusively in the region of the male prom 
cleus, but it is hardly safe to draw any conclusions. A later 
stage, which I am not ready to interpret, is shown in fig 
The spirern thread has become perfectly smooth and has the 
same diameter as a chromosome in the anaphase ot the n >t 
division of the fusion nucleus, but the segmentation into chn • 
mosomes is not yet complete. It seems possible that the uppe- 
group represents the male pronucleus, and the lower 11 
female. 


(A 


u. Y loiuu auu ^ * / 

figure with a very strongly developed spindle, some of it> nc 
plasmic threads reaching from pole to pole while others nwrjfc 

insensibly into the surrounding groundwork of the nucleus. 

chromosomes are very definitely U-shaped. After the s 
division has taken place and the four free nuclei ha\e bef> uD 
move toward the base of the oospore, they show " ^ ^ a racten 
tangential striation (fig. 2j ) which seems to be c 


a charactenstic 

seems "to be caused by a na¬ 

tion of the nuclei as they descend. In the first division of 
four nuclei, after they have reached the base of the oospore 
2 4 t ~ 4 a )i the sj>indle is extremely broad and multipolar, ^ 


•Citci uivisions [Jigs. 20 , 20 a) the spindle is of the usua ‘ 

^’Pe. This figure givxsa typical view of the U-shaped ^ 
somes as they appear in these divisions, just before b’ ^ ^ 
separated from each other. Although several earl) P iaS f . 

mitosis were found in the nuclei of the partially set,met ^ 
tion of the oospore (figs. 25, 25a), no later stages were 0 _ 

A fairly complete series was obtained showing mito® 1 * 
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phytes older than that represented in fig. 26. These show that 
the chromosomes do not resolve themselves into nucleoli, but 
pass into an ordinary reticulum, 

A peculiar monstrosity was noted in one preparation ( f'gs. 
g,2~a). Instead of the usual free cell formation, each division 
of the nucleus has been followed by the formation of a wall, so 
that a somewhat spherical embryo has been formed near the cen¬ 
ter of the oosphere, about which no trace of a pollen tube could 

he found. 


ARCHOPLASM AND CENTROSOMES. 

After the large spindle concerned in the separation ot the 
'entral canal cell from the oosphere has broken up, portions 
!i become scattered throughout the oosphere (fig 
bnc of these fragments (19a, s.) is shown in 


of 
/ 9 a ) • 


1 


n fig ■ 

-- (fig. 31, s ) in their later stages show a 

perfect transition from kinoplasmic fibers to the ordinary reticular 
structure of the oosphere. Such cases, together with those like 
fig 22, make it probable that the kinoplasmic fibers do not aiise 
,rom any specific kinoplasmic or archoplasmic substance but 
r ' l d‘Cr from a rearrangement of general reticulum, whether it be 
,|UJ side the nucleus or inside. Such a view, while not popular 
botanists, has able supporters among zoologists. 

I was not able positively to identify centrosomes at an\ 
* ,ri ' l ^ lr * I1 g this work, but in several preparations clearly defined 

J ^ ^ A. _ a a m f ^ 


areas 


resembling the archoplasmic 


regions 


in Ascaris were 


failure 


{fig 


The 


ab 


to find centrosomes has not convinced me that they sre 


fig' 


were observed in 



Scn t front the male nuclei. 

be archoplasmic areas shown ... J O 

) one case, although nearly a hundred nuclei in ap 

Hl fe i BE C A r M ® j 

e s f a g e were examined. These areas, onci^p I 
c eus and the other outside, are sharply differentiated and are 

jv n g rise to rather coarse threads. This is not the usual metho^ 
1 indie formation for this nucleus and may have nothing 


inside the 



r at 


|| -"“'■‘Ull 1U1 

0 do with the spindle. 
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BLACKMAN S WORK. 


After this paper had been practically completed, there appeared 
a very important work on Piniissylvestris by Mr. Blackman I/. c. ) 
Since this w'ork has already been reviewed in the March num¬ 
ber of this journal, only a brief comparison will be made here. 
I can confirm his statements that the pollen tube does not enter 
the oosphere ; that the pronuclei at the time of fusion are not in 
the resting condition ; that the history of the spindle fibers indi¬ 
cates that they result from a rearrangement of the ordinary 
cytoplasmic reticulum; and that the number of chromosomes i> 
twelve in the pollen mother cell, in the nuclei of the sheath ot 
the oosphere {Jig- jo), and in other parts of the prothallium. 

My second series ( figs. 7—10), on the development ot the 
ventral canal cell, was not observed by Blackman. His term 
maturation is not used, because it already has a definite and \en 
different application. The term metaplasm is not used in e 

present paper because the network is regarded merely as a some 
what peculiar Zinin network. In the development of the nuclei 
of the oosphere, he neither figures nor describes the chroma 
history in detail, but the points mentioned do not indicate 

sequence decribed in this paper. He finds the chrorno^gj 

the first segmentation nucleus V-shaped; fig- 22 of t 1S 
shows them U-shaped. He figures parallel threads around tto ^ 
segmentation nuclei ; although this appearance was occasio ^ 
noted in my preparations, the fibers usually had the arran ^ ^ 
shown in fig, 23. On the whole, it must be said that, " 

J d - ' 1 more 

two papers cover approximately the same groun , 
detailed work of each, having been done in different par ^ 
subject, is complementary. The general results, how 
to a great extent mutually confirmatory. 


• • 

111 * 



SUMMARY. 


1. W hile the ventral canal cell usually disappear 


s soon 


after 


• aiv. uiv vv.iicicn v,ttiicn V.V.X* j ^ become 

it is formed, in some cases it persists and its nuc eus j^ ve j ( 
large as that of the oosphere, passing through a sinn 
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mental history. New support is thus given to the theory that 
the ventral canal cell is the homologue of the egg. 

In the development of the oosphere nucleus the chro¬ 
matin takes the form of nucleoli which finally collect from all 
parts uf the nucleus to a definite area near the center and there 

develop into a typical spirein. The linin often stains like chro¬ 
matin. 

3 - After the male pronucleus is within the oosphere nucleus, 
tl)f chromatin of the two pronuclei appears as two distinct masses 
m the spirem stage. Perhaps segmentation of the two spirems 
occurs while they are still separate. 

4 - Although centrosomes were not positively identified in 
n ) part of the work, appearances favor the supposition that they 

ma . v accompany the male nuclei. 

5 - The fate of the spindle indicates that the kinoplasmic 
fibers arise through a transformation of the cytoplasmic reticulum. 

The University of Chicago. 


EXPLANATION OF PLATES IV-VI. 

‘^eiss2 mm apochromatic homogeneous immersion objective and compen- 
^ § ocular no. 4, with camera lucida, were used for all drawings except 

f- and /j (comp. oc. no. 18) and the outline sketches Q, iQ<t, 24.ii, 25a, 
~ 7 a , which were made with low power dry lenses. All drawings 
.^| UCe( ^ one half in photo-engraving. 
revta ti° ns : ft. o. t nucleus of oosphere ; n. v., nucleus of ventral canal 
Ci |1 P r °teid vacuole; j., portion of spindle; v„ remains of ventral canal 

^ Sfej»£ 1 (. , t 

* ^ u cleus of central cell before cutting off the ventral canal cell. 

~ Cutting off of the ventral canal cell. 

• JOS, 7 * c Mf. # • : , ; . £ z i«v , . 

r w . , 9 A hree views of the ventral canal cell. 
k>1> * : oosphere, showing nucleus of oosphere, proteid vac 

r. d lhe vet >tral canal cell. 

Burl ^ Xtreme *y large ventral canal cell and spindle connecting it with 

thC ° 0 S P here * 

e "all between ventral canal cell and oosphere has broken 
r *enta i.f T’ nuc l eus of the ventral cell free in the oosphere. I ra e 

f IG ^ s P' n< fle scattered through the oosphere. 

■milar to the preceding, but more advanced. 


Fig. , 


the 





28 o 


BOTANICAL GAZETTE 


[APRIL 


Fig. io. Ventral canal cell with nucleus developed nearly to the fertiliza 
tion stage. 

1 * IGS. ii, 12, 16-19. Stages in development of nucleus of the oospherc. 

Fig. 13* Two male nuclei in end of pollen tube just as it enters the neck 
of the archegonium. 

I igs. 14, 15. Nucleoli arranged on linin network; details from nucei 
slightly older than fig. 12. 

h IG. igrt. Sketch in which n. o. shows position of fig. ig and s the posi¬ 
tion of fig. 32. 

Fig. 20. Fertilization. 

Fig. 21. Later stage in fertilization. 

Fig. 22. First division of the nucleus of the oospore. 

Fig. 23. One and part of another of the four segmentation nuclei showii ; 

felt-like covering, with tangential threads predominating. 

Figs. 24, 24 a. First division of one of the four free nuclei after pa?si : : 

to the b&se of the oospore. 

F igs. 25, 25 a. Spirem in nucleus in the partially segmented portion of the 
oospore. 


Figs. 26, 26a. Nuclear figure showing shape of the chromosomes. 

Fig. 28. Nucleolus showing deeply staining outer and lightly sta;ni.u 
inner portions. 

Fig. 29. Inner portion of nucleolus pressed out from the outer '‘shell 

Fig. 30. Nucleus of one of the cells sheathing the oosphere, showing the 
twelve chromosomes. 

Fig. 31. Fragments of the ventral canal cell spindle showing trar^ 1,n 
between spindle fibers and cytoplasmic reticulum. 

Fig. 32. Fragment of spindle. See fig. iga t s. 




